The objective of this investigation was to determine the relationship of blood pressure (BP) in young men, ages 20-39 years, to their subsequent BP from the perspective of BP tracking, position in BP distribution and later evidence of hypertensive BP values. Since 1948, the Manitoba Study group has followed 3983 men, 90% of whom were 20-39 years old at entry. BP in persons not prescribed antihypertensive medications was examined at 5-year intervals during the 30-year observation period to 1978. To adjust for age, BP was examined within 5-year age groups at entry. The correlations between entry and subsequent BP at the same length of follow-up were greater for systolic than diastolic BP and increased with older ages. The correlation decreased with every 5-year examination after entry for all ages. Men whose BP was below the mean at entry were less likely to have a BP > 1 standard deviation (SD) above the mean at any of the examinations. Men with an entry BP > 1 SD above the mean were more likely to have BP > 1 SD above the mean later, but the relationship decreased considerably after 20 years, especially in 20-24-year age group. The results were similar for the probability of hypertensive values (systolic BP 2 140 or 150 mm Hg, diastolic BP 2 90 or 95 mm Hg) at later examinations. Thus, BP in later life can be predicted from BP at ages 20-39 years and can identify groups at high or low risk for hypertension.
ELEVATED BLOOD PRESSURE (BP) is an important predictor of cardiovascular disease mortality and morbidity.' It has been postulated that identification of persons at risk of developing hypertension may permit earlier detection and perhaps prevention of this condition. One hypothesis is that BP in childhood or early adulthood is predictive of BP later in life, so that BP itself may be an indicator of adult hypertension. This hypothesis is being examined in childhood and adolescence.8'"0 However, few prospectively acquired long-term follow-up data are available on men ages 20-39 years. The purpose of this report was to examine longitudinal BP data in the Manitoba Study, a cohort of 3983 North American men, 90% of whom were 20-39 years old when the study commenced and have been followed for 30 years. The objectives were to relate BP in this age group to subsequent BP from the perspective of BP tracking, position in BP distribution and identification of groups that later became hypertensive.
Materials and Methods
The methods of this study have been reported." 1 12 In summary, the cohort consists of 3983 men who were found fit for pilot training in World War II. All had an ECG at the time of physical examination for preflight training or flying fitness in the Royal Canadian Air Force or had a similar examination for com-mercial pilots by the Ministry of Transport. ECGs had been done as part of a broad study of aircrew selection methods and were also required for all RCAF and commercial pilots ages 35 years and older. From 1946 From -1948 , contact was reestablished with the postwar survivors. The study population was defined in July 1948; at that time, medical information and examinations confirmed that these men had no clinical manifestations of ischemic heart disease. The age distribution at entry examination was as follows: 14 were 15-19 years, 304 were 20-24 years, 1479 were 25-29 years, 1258 were 30-34 years, 539 were 35-39 years, 205 were 4044 years, 153 were 45-54 years and 31 were 55-64 years. Thus, 90% of the cohort was 20-39 years of age at entry.
After release from the service, some men continued as pilots, but the majority found other occupations and are in all strata of society. Contact was reestablished annually by means of a return postcard. Annual contact has been lost with only one person. Medical examinations included history, physical examination, casual blood pressure by physicians and ECG. They were authorized initially at 5-year intervals and at 3year intervals since 1967. In addition to these examinations, some data were obtained from physicians who examined the study members at other times.
Data Analysis
Examinations at 5-year intervals were selected as outlined previously7 to best account for changes in examination frequency over the observation period. Thus, seven examinations were usedat entry and each 5 years over the 30-year follow-up. Data after ischemic heart disease and stroke, the criteria for which have been outlined previously'2' 13 (see appendix), were included because the focus of the study was the natural history of BP and exclusion of this data might truncate the BP distribution by exclusion of men with elevated BP, who are more likely to manifest ischemic heart disease or stroke. The data were also analyzed excluding men after they developed the clinical manifestations of heart disease or strokes. Men prescribed antihypertensive medications were included before medication but excluded thereafter. Because of the changes in sample size at different examinations, men with all seven measurements who had not received antihypertensive medication were also examined separately.
The Pearson product-moment correlation coefficients were used as the measure of the association between two BP measurements at different examinations.'4 To account for the effect of age and interval between measurements on the tracking correlation, the correlation was examined within 5-year age groups and at each examination.
To determine the relative position in the BP distribution over time, BPs at each examination were classified according to whether they were greater than 1 standard deviation (SD) below the mean, between the mean and 1 SD below the mean, between the mean and 1 SD above the mean or greater than 1 SD above the mean. This method is preferable because the BP distribution changes with each examination as BP increases with age. However, arbitrary levels are in such widespread use that the proportion with a systolic BP of 140-150 mm Hg or greater and a diastolic BP of 90-95 mm Hg or greater was also determined.
To test the null hypothesis that there was no association between the entry BP levels and BP levels at each subsequent examination, the chi-square method was used.'4 The null hypothesis was rejected when the probability of a type I error was less than 5%. Odds of developing an elevated BP at subsequent examina- 
Results

Tracking Correlations
The mean ± SD for systolic and diastolic blood pressures and the sample sizes for each age group are listed in table 1. Within all age groups, the trend of increasing BP with time is evident. This results from both a shift in the entire BP distribution and an increased skewing toward higher values. The latter is reflected by the increased standard deviation with increasing age. The BP distribution at entry is shown in table 2. Initial or entry BP correlated significantly (p < 0.05) with subsequent BP over the 30-year observation period for all entry ages and lengths of follow-up (table 3) . However, there was a definite trend of decreasing magnitude in the correlation with increasing time interval between measurements. For the same length of follow-up, the correlation was usually greater with the older compared with younger age groups and was most consistent for the first 20 years. For ages 25-39 years, the correlation between systolic pressures are, with one exception, slightly higher than the respective correlations for diastolic BP. Results in age or specific time interval appear similar regardless of the date of the examination (table 3) .
Systolic BP at entry significantly (p < 0.05) correlated with later diastolic BP and similarly for diastolic BP at entry with later systolic BP for all ages and follow-up times, except the 30-year interval for entry ages 20-24 years (table 4). The correlation between systolic BPs is higher than that between systolic BP and later diastolic BP (tables 3 and 4). However, the correlation between diastolic BPs is similar to that between diastolic and later systolic BP (tables 3 and 4). There is no marked difference in the correlation between entry diastolic and later systolic BP compared to entry systolic and later diastolic BP (table 4). For n = 235, correlation coefficients greater than 0.107 are significant at 5%.
For n = 300, correlation coefficients greater than 0.134 are significant at 1%. The proportion of men with systolic BP more than 1 SD above the mean after entry is greatest in those who had BP in that part of the distribution at entry (table  5 ). In addition, the proportion with systolic BP greater than 1 SD above the mean is progressively larger with each higher position in the entry BP distribution. For ages 25-39 years, the relationship was statistically significant (p < 0.05) for all follow-up intervals except the 35-39-year group at 25 years. For ages 20-24 years, no consistent relationship remained after 20 years. The proportion with a BP 1 SD above the mean at any follow-up time was much less in those who had BP below the mean at entry, especially those less than 1 SD below the mean. The proportion of men with diastolic BP greater than 1 SD above the mean after entry showed the same relationship as systolic BP (table 6) .
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To determine if the correlations between entry and subsequent BP measurements were greater in men with BP greater than 1 SD above the mean at entry, the BP intercorrelations were calculated for each of the four groups within, the BP distribution and for all age groups at entry. There was no consistent trend indicating that subsequent BP was better predicted by the position in the BP distribution at entry.
Proportion of Men with Hypertensive Readings at each 5-Year Examination After Entry According to Initial BP Levels
The proportion of men with a systolic BP of 140 mm Hg or higher at each 5-year examination after entry was greatest in those who were in that category at 294 CIRCULATION (table 7) . This relationship was statistically significant for all ages and follow-up exams except for two in the 20-24-year age group. The recognized pattern of increasing BP with age (table 1) is reflected by the increasing proportion of those with systolic BP 140 mm Hg or higher with increasing interval for each BP and age group at entry. The smaller proportions at 5-year compared with 10-year followup reflect, in part, regression to the mean. The odds ratio for a systolic BP of 140 mm Hg or greater at entry compared with that at later exams is shown in table 8. Diastolic BP findings, which were similar to those for systolic BP, are listed in tables 9 and 10. When the upper level of BP was changed to a systolic BP of 150 mm Hg or higher and a diastolic BP of 95 mm Hg or higher (an alternate criteria for elevated BP), the relationship between entry and subsequent BP persisted.
BP Relationships in Men Without Ischemic Heart Disease or Stroke and in Men with All Seven Measurements and Never on Antihypertensive Medication
Examination of BP relationships using BP data from men without clinical manifestations of ischemic heart disease or stroke overcomes the problems of the influence of these diseases on BP. The results of this analysis differ little from the results we present.* The young age of the cohort at entry was associated with a small incidence of cardiovascular disease for most of the follow-up until the later years of the study.7
An examination of men with all seven measurements who had never taken antihypertensive medication overcomes the problem of loss to follow-up due to death or BP medication in the previous analysis. However, it represents a highly selected group that *Corresponding tables are available upon request. The relationship of blood pressure at entry and subsequent examinations was tested by a 5 X 2 contingency table using the chi-square method.
Abbreviation: BP = blood pressure; SBP = systolic BP.
survived 30 years and were without these medications. When analyzed with regard to BP tracking and distribution this group shows a significant correlation between the entry and later BP. However, the association is weaker, as reflected in the lower magnitude of tracking correlations and lower proportion 1 SD or more above the mean.* This is partly because *Corresponding tables are available upon request.
those excluded in this kind of analysis constitute a greater proportion of those in the upper part of BP distribution. The relationship between DBP at entry and subsequent examinations was tested with a 4 X 2 contingency table using the chi-square method.
Discussion
Abbreviations: BP = blood pressure; DBP = diastolic BP.
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VOL 65, No 2, FEBRUARY 1982 the top part of the distribution (more than 1 SD above the mean or 140-150 mm Hg systolic or 90-95 mm Hg diastolic), there was a significantly greater proportion who were in the upper part of BP distribution or had elevated BP levels at entry. It was less likely for those in the lower part of BP distribution at entry to be in the upper part of distribution later. Except for ages 20-24 years, this relationship persisted over the entire 30-year observation period, but the strength of the association declined, especially over the last 5-10 years for all ages. These data must be interpreted with caution. The Manitoba Study is a selected cohort and extrapolation to the general population must be done carefully, although no epidemiologic study may be a truly representative sample of the general population.'6 Also, the BP here consists of a single casual measurement. The variability of BP measurements is well known.'6 Thus, the tracking correlation between two measurements of casual BP should be smaller than the "true" tracking correlation between mean BP obtained from a larger number of measurements at each evaluation. Basal BP measurements also reduce the variability of casual measurements.'0' 1 ' However, the consequence of BP elevation, cardiovascular disease, was predicted as well by a casual BP as by near-basal BP.", "I In addition, the widespread use of casual BP allow these data to be extrapolated to BP measurements in physician's offices. A number of factors not analyzed in this study correlate with BP and may play a role in long-term BP changes.6', 19-21 Their inclusion in analysis of longitudinal data may account for more of the BP change. However, these do not relate directly to the question we studied: Are BPs in early adulthood predictive of BPs later in life, especially with regard to the upper part of BP distribution and hypertension?
A comparison of the results of the present study and other studies must be done considering differences in cohort composition and interval between measurements and the method of BP measurement. The interval between the first two examinations is especially relevant. When population groups are followed longitudinally, mean BP declines initially and then rises during later examinations.22' 23 This has been attributed to the phenomenon of regression toward the mean, wherein deviant values of biologic variables such as BP tend to regress to the group mean on repeated measurements.24 In addition, an initial investigatory or defense reflex that elevates the entry BP has been proposed.25 Thus, between-study comparisons must consider differences in examination frequency relative to duration of follow-up. From the perspective of tracking, i. e., the extent to which a person's BP at one point relates to the BP later, we found a significant correlation, but of a small order of magnitude. These findings are supported by the results of others. Oberman et al. 17 reported on casual systolic BP measurements in 843 American men, mean age 24 years, who were pilots in 1940 at the time of the initial examination. Their tracking correlation for the 17-year (second examination) and 23-year (third examination) follow-up were 0.19 and 0.15, respec-tively, and resemble our data for equivalent ages and follow-up (table 2) . These correlations are smaller than those reported over an 8-15- year interval in Welsh men initially 20-39 years of age in whom casual BP measurements were made in the subject's own home.26 The small sample sizes in each 5-year age group in that study as well as the cohort composition and location of BP measurements may account for the differences in tracking correlation coefficients they reported and those of the present study and the study by Oberman et al. 17 The tendency of the tracking correlation to decrease as the time between the measurements increases has been noted. 17' 26, 27 In this study, the correlation between entry and later BP was greater for systolic than for diastolic BP. This finding may be relevant to the controversy about the relative importance of systolic vs diastolic BP in predicting cardiovascular disease. Epidemiologic studies have favored systolic rather than diastolic BP,'-' while clinical teaching has favored diastolic.7 Systolic BP in young men appears to be more strongly associated with later BP than does diastolic BP, perhaps because of greater accuracy in measurement of systolic compared with diastolic BP over long-term follow-up. 17 The hypothesis that elevated BP in youth can predict hypertension in later adult life is not new.283' Most of the initial support for this idea came from small-scale studies of college men.21' 29 Larger studies that were conducted consisted primarily of men younger than 20 years of age80 or were retrospective.32' Comparison of the youngest 5-year age group in this study at equivalent follow-up in studies with similarly recorded casual BP28' 93' 8 shows close agreement between studies.
The use of arbitrary BP levels independent of age to define hypertension is misleading because the tendency for BP to increase with age automatically biases the identification of hypertensive people to older rather than younger persons. Classifying BP according to its position in the BP distribution eliminates this problem. A later BP greater than 1 SD above the mean was significantly more likely to be associated with a BP above the mean at entry, especially greater than 1 SD, than a BP below the mean at entry.
Exceptions to the tracking phenomenon are also noteworthy, especially in younger subjects with elevated BP. Young men with elevated BPs at initial evaluation do not invariably remain at this level. This is consistent with the findings of others and has been observed in the long-term (20-year) follow-up of men 14-29 years old with BPs of 170/100 mm Hg and higher.36
Casual BP in the 20-39-year-old age group is significantly associated with later BP throughout the 30year period. Although the tracking correlations and the proportions in various BP categories are not large, individuals later found to be in upper part of BP distribution or have hypertensive values can be identified earlier. Research into prevention of hypertension should perhaps be directed at young men whose BP is above the mean. 
Appendix Diagnostic Criteria
The diagnostic criteria used for the four manifestations of ischemic heart disease are listed according to strength of evidence for ischemic heart disease:
Myocardial infarction. Sudden death. Natural death occurring immediately or within an estimated period of 24 hours after the onset of acute objective or subjective symptoms of ischemic heart disease. All sudden deaths were listed under ischemic heart disease unless there was a known extracardiac cause.
Coronary insufficiency or suspected myocardial infarction. Acute coronary insufficiency -Episodes of chest pain of cardiac origin, lasting approximately 30 minutes, associated with significant ST-T changes without enzyme elevations or abnormal Q waves. Suspected myocardial infarction -Chest pain typical of cardiac pain, associated with either elevated serum enzyme levels or development of nonspecific electrocardiographic findings (ST-segment or T-wave changes or ventricular conduction defects). Because of the small number of cases of coronary insufficiency or suspected myocardial infarction, these cases were combined.
Angina pectoris. Classic angina precipitated by effort, emotion, or exposure to cold and relieved by rest or nitroglycerin or both; or episodes of cardiac pain at rest or on recumbency in association with elevated ST segments (variant angina). Patients with positive exercise tests (horizontal or downward sloping ST depression of at least 1 mm) with chest pain were included in this class.
The diagnostic criteria for stroke (cerebrovascular disease) are divided as follows, with 80% of cases in the definite and probable category. pendent risk factor.10 11 Recently, high-density lipoprotein (HDL) cholesterol levels have been shown to be inversely correlated with the development of coronary artery disease: HDL cholesterol levels have been negatively correlated with total triglyceride levels. '2 We have shown that children with persistently elevated cholesterol levels have family members with an increased frequency of fatal ischemic heart disease. '3 In this investigation we describe the relationship between the triglyceride levels in healthy school children and the lipid levels and the frequency of coronary mortality among their adult relatives. Two groups of school children were selected for family studies: those with fasting triglyceride levels either above the ninetieth percentile or lower than the tenth percentile in the 1973 and 1975 school survey. We were particularly interested in whether children with elevated triglyceride levels in the absence of coexisting elevated cholesterol levels had increased coronary mortality in their relatives. We subdivided the index cases with high triglyceride levels into two approximately equal CIRCULATION 
